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Tifles INIECnON MOLDING APPARATUS WriH REMOVABLE NOZZLE SEAL 



I (57) Abstract 

Injection molding apparatus having a removable nozzle 
seal (1 10) wWdi screws onto ttie outside of the front txA (76) 
of a heated nozzle (12). A mounting sleeve (98) having a 
I tfwcadcd outer surface (10^ is integrally mounted around the 
front end (76) off the nozzle (12). Tbe nozzle seal (110) has 
a retaining portion (118) wiA a threaded fawicr surface (120) 
to scxew onto the mounting sleeve (98) extending jearwanlly 
from a central nut portion (112). A sealing and alignment 
aange portion (122) extends forwardly from flie central nut 
portion (112) and fits into a cylindrical portion (124) of a 
I wtU (1^ in tihe mold (18) to accurately align the front end 
a6) of die nozzle (12) and premnt melt lealtage between die 
heated noszIe(12) and die surrounding cooled mold (18). In 
another embodiment, a scaUng and alignment pordon (136) 
of the nozzle seal (U 0) extending fonvanlly into an opemng 
(148) in d)e mold 08) fonns On gate (90). 
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Title; Injection Molding Apparatus with Removable Nozzle Seal 

BACKGROUND OF THE INVENTION 

This invention relates generaUy to hot runner injection molding and 
more particularly to injection molding apparatus having a removable 
nozzle seal which screws onto the outside of the front end of the heated 
5 nozzle. 

Nozzle seals bridging the insulative air space between the heated 
nozzle and the surrounding cooled mold are well known. U.S. Patent No. 
4,793,795 to Schmidt et ai which issued December 27, 1988 shows a gate 
insert which screws into place and U.S. Patent No. 5,028;227 to Gellert et al. 

10 which issued July 2, 1991 shows a gate insert which slides into place. U.S. 
Patent No. 5,299,928 to Gellert which issued April 5, 1994 shows a two-piece 
nozzle seal which screws into place. U.S. Patent No- 5,849^ to Gellert et 
al* which issued December 15, 1998 shows another type of gate insert which 
screws into place. While these previous nozzle seals and gate inserts are 

15 suitable for many applications, they all have flie disadvantage that they are 
seated in an opening on ttie inside of Ae nozzle. This limits the size of any 
insert or liner seated in the front end of the nozzle which, in turn, restricts 
die strength and thermal conductivity from the heating element to the gate. 
The ones that screw in have the further disadvantage that location of the 

20 front end of the nozzle is not accurate enough for some applications. 

It is also known to provide a sealing ring extending around the 
outside of the nozzle. For instance, U.S. Patent No. 5,795^99 to Gellert 
which issued August 18, 1998 shows a nozzle guide and sealing ring 
mounted around the outside of the front end of the nozzle. 

25 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to at least 
partially overcome the disadvantages of the prior art by providing a 
removable nozzle seal which screws onto the outside of the front end of a 
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heated nozzle. 

To this end, in one of its aspects, the invention provides an injection 
molding apparatus having one or more heated nozzles extending fonvardly 
into a well in a cooled mold in alignment with a gate leading to a cavity. 

5 There is an insulative air space extending between the heated nozzle and 
the surrounding cooled mold. The heated nozzle has a rear end, a front 
end, and a portion adjacent the front end with a generally cylindrical outer 
surface. It has a meh bore extending forwardly therethrough from the rear 
end and an insert extending forwardly from a recessed seat in tiie front end 

10 of the at least one heated nozzle. The insert has a rear end and a melt bore 
extending forwardly therethrough from an inlet at the reair end aligned with 
the melt bore through the nozzle. A moimting sleeve is integrally 
mounted around the cylindrical outer surface of the portion adjacent the 
front end of the heated nozzle and the moimting sleeve has a threaded 

15 outer surface. A hollow ranovable nozzle seal has a central portion, a 
retaining portion extending rearwardly from the central portion, and a 
sealing and alignment flange portion extending forwardly from the central 
portion. The retaining rear portion has a threaded inner surface to 
removably screw onto the threaded outer surface of the mounting sleeve. 

20 The forwardly extending sealing and alignment flange portion fits into a 
cylindrical portion of the well in the mold extending adjacent the gate to 
align the front end of tiie heated nozzle witti tiie gate and prevent leakage of 
melt into the insulative air space between the heated nozzle and the 
surrounding cooled mold. 

25 In another of its aspects, the invention provides injection molding 

apparatus having one or more heated nozzles extending forward^ into an 
opening in a cooled mold extending to a cavity. There is an insulative air 
space extending, between the heated nozzle and the surrounding cooled 
mold The heated nozzle has a rear end, d front end, a portion adjacent the 

30 front end with a generally cylindrical outer surfece. It has a melt bore 
extending forwardly thereOuough from tfie rear end. A mounting sleeve is 
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integrally mounted around the cylindrical outer surface of the portion 
adjacent the front end of the heated nozzle. The mounting sleeve has a 
threaded outer surface. A removable nozzle seal has a front end, a central 
portion, a hollow retaining portion, extending rearwardly from the central 
5 portion, and a sealing and locating portion extending forwardly from Ae 
central portion. The central portion and the forwardly extending sealing 
and locating portion has a melt bore extending therethrough in alignment 
with the melt bore in ttie heated nozzle and leading to a gate at ttie front 
end of the nozzle seal The retaining rear portion has a threaded inner 

10 surface to removably screw onto the threaded outer surface of Ae mounting 
sleeve. The forwardly extending sealing and locating portion fits into a 
cylindrical portion of the opening in the mold extending to the cavity to 
locate the front end of the heated nozzle and prevent leakage of melt into 
the insulative air space between the heated nozzle and the surrounding 

15 cooled mold. 

Further objects and advantages of the invention will appear from the 
following description taken together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of a portion of a 
20 multi-cavity injection molding apparatus or system having a heated nozzle 
witii a nozzle seal screwed onto the outside of its front end^ 

Figure 2 is an exploded isometric view showing the front end of the 
nozzle with the mounting sleeve m place and the nozzle seal seen in Figure 
1, 

25 Figure 3 is a bottom view of the front end of a nozzle having a nozzle 

seal according to anoAer embodiment of the invention, 

Hgure 4 is a sectional view along line 44 in Figure 3, and 

Figure 5 is a sectional view of the front end of a nozzle having a 

nozzle seal according to a further embodiment of the invention. 
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DETAILED DESCRIPnON OFTHE INVENTION 

Reference is first made to Figures 1 arid 2 which show a portior\ of a 
multi-cavity injection molding system or apparatus having a melt 
distribution manifold 10 interconnecting several heated nozdes 12. Bach 

5 nozzle 12 is seated in a well 14 having a generally cylindrical wall 16 in a 
mold 18. While the mold 18 usually has a greater number of plates 
depending upon the application, in this case, only a back plate 20, a 
manifold plate 22, a cavity insert 26 seated in a cavity plate 28, and a core 
plate 30 are shown for ease of illustration. The melt distribution marufold 

10 10 is heated by an integral electrical heating element 32 and the mold 18 is 
cooled by pumping cooling water through cooling conduits 34. The melt 
distribution manifold 10 is mounted between the manifold plate 22 and the 
back plate 20 by a central locating ring 36 and a nimiber of instdative spacers 
38 to provide an iitstdative air space 40 between the heated manifold 10 and 

15 the surrounding cooled mold 18. 

The rear end 42 of each nozzle 12 is secured by screws 44 against the 
front face 46 of the melt distribution manifold 10. Bach nozzle 12 has an 
integral electrical heating element 48 with a terminal 50 and a helical 
portion 52 extending around a central melt bore 54. An outer collar 56 at flie 

20 rear end 42 of each nozzle 12 has a forwardly extending flange portion 58 
which sits on a circular seat 60 in the mold 18 to locate ihe rear end 42 of the 
heated nozzle 12 and provide an iitsiilative air space 62 between the heated 
nozzle 12 and the surrounding cooled mold 18. 

A melt passage 64 extends from a central inlet 66 in a cylindrical inlet 

25 portion 68 of ttie melt distribution manifold 10 and branches outwardly in 
the melt distribution maxufold 10 to conv^ melt to the central mdt bore 54 
in each heated nozzle 12. In Ais embodiment, the heated nozzle 12 has a tip 
insert 70 with a pointed front tip 72 shrunk fit into a cylixuirical seat 74 in 
tilie front end 76 of tfie heated nozzle 12. The heated nozzle 12 is made of 

30 steel and the tip insert 70 is made of a material such as beryllium copper or 
tungsten carbide copper having a combination of thermal conductivity and 
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wear and corrosion resistance stiitable for the material being molded. The 
I tip insert 70 has a rear end 78 and a conical outer surface 80 extending 

forwardly to the tip 71. It has a melt bore 82 with a slightly tapered central 
rear portion 84 which splits into two front portions 86 extending diagonally 

5 outward from the rear portion 84 to the outer conical surface 80. As can be 
seen, the rear portion 84 of tiie melt bore 82 extends through the tip insert 70 
from an inlet 87 at the rear end 78 in alignment with the central melt bore 
54 extending through the nozzle 12. The melt from the melt passage 64 
flows ttirough the melt bore 54 in each nozzle 12 and the melt bore 82 in the 

10 tip insert 70 into a space 88 around tt\e conical surface 80 of the tip insert 70 
and through the gate 90 into the cavity 92. As seen in Figure 2, in this 
embodiment, the two front portions 86 are slightly offset from the center of 
the tip insert 70 to impart a swirling motion to fee melt flowing through 
the gate 90. Although two diagonal front portions 86 of the melt bore 82 are 

15 ^ shown, in other embodiments there can be only one or more than two. 

The heated nozzle 12 has a front portion 94 adjacent its front end 76 
witti a cylindrical outer surface 96. As best seen in Figure 2, a mounting 
sleeve 98 having a larger diameter rear portion 100 and a front portion 102 
( ) with a threaded outer surface 104 according to the invention extends around 

20 the front portion 94 of the nozzle 12. The mounting sleeve 98 is made of 
hot work tool steel and is integrally brazed in place at the same time the 
electrical heating element 48 is integrally brazed in place in a vacuum 
furnace. In addition to providing the threaded outer surface 104, the 
mounting sleeve 98 provides the heated nozzle 12 with additional bursting 

25 or hoop strength and a larger heat sink. As can be seen, the rear portion 100 
of ttie moimting sleeve has a rearwardly opoi hole 106 therein into which a 
thermocouple element 108 extends to control ttie operating temperature. 

A hollow removable nozzle seal 110 is mounted on the front end 76 
of the nozzle 12. In this embodiment, tfie nozzle seal 110 is hollow and is 

30 made of a suitable wear and corrosion resistant material such as stainless or 
H-13 tool steeL Ihe nozzle seal 110 has a central nut portion 112 witti an 
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outer surface 114 with an even number of outer facets 116 such as the 
double hex shown to be engaged by a wrench (not shown) to tighten and 
remove the nozzle seal 110. The central nut portion 112 has an insulation 
groove 117 to reduce heat loss to the cooled mold 18, In other 

5 embodiments, the nozzle seal 110 can be made to be engaged by a different 
type of tool. The hollow nozzle seal 110 has a cylindrical retaining portion 
118 extending rearwardly from the central nut portion 112. The retaining 
rear portion 118 has a threaded inner surface 120 which fits aroimd the 
threaded outer surface 104 of d\e mounting sleeve 98. 

10 The nozzle seal 110 also has a cylindrical sealing and alignment 

flange portion 122 extending forwardly from the central nut portion 112. 
The forwardly extending sealing and aligiunent flange portion 122 is made 
to fit into a cylindrical portion 124 of the well 14 in the mold 18 extending 
adjacent the gate 90 to align the front tip 72 of the tip insert 70 with the gale 

15 90 and to provide a seal to prevent leakage of the melt into the insulative 
air space 62 between the heated nozzle 12 and the surrounding cooled mold 
18. 

The central nut portion 112 of tfte nQzzle seal 110 has an opening 126 
^refhrougih with a tapered inner surface 128. The tapered inner surface 

20 128 of fte opening 126 is made to fit wiQi very dose tolerances around a 
matching outer surface 130 extending arotind the tip insert 70 which is 
tapered inwardly towards tiie front to retain tlie tip insert 70 in place in flie 
cylindrical seat 74 in the heated nozzle 12 and to very accurately^ locate ttie 
front end 76 of the heated nozzle 12 witti Ae front tip 72 aligned with ttie 

25 gate 90. bi another embodiment; ttie surfaces 128, 130 can have straig|ht and 
shoulder portions to retain the tip insert 70 in place and to locate the front 
end of die heated nozzle 12. 

Thus, while d\e threaded rear portion 118 retains fhe nozzle seal 110, 
it is the tapered surfaces 128, 130 and fhe sealing and alignment flange 

30 portion 122 which locate ttie front end 76 of fhe heated nozzle 12 with Ae 
front t^ 72 of fhe tip insert 70 aligned with 4w gate 90. As tiiese surfaces are 
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not threaded, the location is mudi more accurate than relying on threaded 
surfaces. Another advantage of the nozzle seal 110 screwing onto the 
outside of the heated nozzle 12 rather than the inside, is that it allows the 
tip insert 70 which is made of a more conductive material to be larger. This 

5 increased size provides a larger heat sink and brings the more conductive 
material into closer proximity to the electrical heating element 48 and 
provides increased and more imiform heat to the front tip 72 which reduces 
cycle time. Furthermore, the nozzle seal 110 itself as well as the mounting 
sleeve 98 being in tension provides additional bursting or hoop strength. 

10 In use, the apparatus is first installed as shown in Figure 1 and 

described above. Electrical power is d\en applied to the heating element 32 
in the melt distribution manifold 10 and to the heating elements 48 in each 
of the nozzles 12 to heat tfiem to a predetermined operating temperature. 
Pressurized melt is applied from a molding madiine (not shown) to the 

15 central irdet 66 of the melt passage 64 to provide hot tip gating according to a 
predetermined injection cycle. The melt flows through the melt 
distribution manifold 10, the melt bores 54, 82 in the heated nozzles 12 and 
the tip irwerts 70, and through the gates 90 into the cavities 92. After the 
cavities 92 are filled and a suitable packing and cooling period has expired, 

20 the injection pressure is released and the melt conveying system is 
decompressed to avoid stringing through the open gates 90. The mold 18 is 
then opened to eject the molded products. After ejection, the mold 18 is 
closed and the cyde is repeated continuously witii the cycle time dependent 
upon the size of the cavities 92 and file type of material being molded. 

25 Reference is now made to Figures 3 and 4 whidi show a nozzle seal 

110 according to another embodiment of the invention. This embodiment 
is the same as file embodimmt described above except fiiat the mner surface 
128 of the opening 126 through the central nut portion 112 of fiie nozzle seal 
110 and the matching outer suifece 130 of the tip insert 70 are straight rather 

30 than tapered. In fiiis embodiment, die tip insert 70 is integrally brazed into 
place in the cylindrical seat 74 in the front end 76 of fiie heated nozzle 12 
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and the taper is not required to retain it in place. 

Reference is now also made to Figure 5 which shows a nozzle seal 132 
(which is also a gate insert) according to another embodiment of the 
invention having a valve pin 133 for valve gating. Some of the elements of 

5 this embodiment are the same as described above, and elements common to 
both embodiments are described and illustrated using the same reference 
numbers. In this embodiment, the nozzle seal 132 similarly has the hollow 
cylindrical retaining portion 118 extending rearwardly from a central nut 
portion 134. The rearwardly extending retaining portion 118 also has the 

10 threaded inner surface 120 which screws onto the threaded outer surface 104 
of the moimting sleeve 98 which is brazed in place around tfie front portion 
94 of the heated nozzle 12 as described above. However, in this 
embodiment, the central nut portion 134 and a sealing and locating portion 
136 extending forwardly therefrom have a melt bore 138 extending 

15 therethrough in alignment wid\ tfte melt bore 54 in the heated nozzle 12 
and leading to a gate 140 at the front end 142 of the nozzle seal 132. The 
sealing and locating portion 136 of (t\2 nozzle seal 132 has a cylindrical outer 
surface 144 which is made to fit into a cylindrical opening 148 in tiie mold 18 
extending to the cavity 92 to locate the front end 76 of the heated nozzle 12 

20 and prevent leakage of melt into the insulative air space 62 between the 
heated nozzle 12 and the surrounding cooled mold 18. The central nut 
p(^on 134 also has an outer surface 114 with facets 116 to be engaged by a 
wiendu The use of tius embodiment is ttie same as described above. 

While ttie description of the injection molding app^atus having a 

25 removable nozzle seal whidi saews onto the outside of the front end of a 
heated nozzle has been given with respect to preferred embodiments, it will 
be evident Aat various other modifications are possible without departing 
from tiie scope of the invention as understood by those skilled in the art 
and as provided in the following daims. 

30 
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The embodiments of the invention in which an exdusive property or 
privilege is claimed is defined as follows: 

1. In an injection molding apparatus having at least one heated nozzle 

5 (12) extending forwardly into a well (14) in a cooled mold (18) in alignment 
with a gate (90) leading to a cavity (92) with an insulative air space (62) 
attending between the at least one heated nozzle (12) and the surrounding 
cooled mold (18), tiie at least one heated nozzle (12) having a rear end (42), a 
front end (76)/ at least a portion (94) adjacent ttie front end (76) with a 

10 generally cylindrical outer surface (96), and a melt bore (54) extending 
forwardly therethrough from the rear end (42), and an insert (70) extending 
forwardly from a recessed seat in the front end (76) of the at least me heated 
nozzle (12), the. insert (70) having a rear end (78) and a melt bore (82) 
extending forwardly therethrough from an inlet (87) at the rear end (78) 

15 aligned witii the melt bore (54) through die at least one heated nozzle (12), 
ti\e improvement further comprising; 

a mounting sleeve (98) integrally mounted around the cylindrical 
outer surface (96) of the portion (94) adjacent Ae front end (76) of tiie at least 
one heated nozzle (12), the mounting sleeve (98) having a threaded outer 

20 surface (104), and 

a hollow removable nozzle seal (110) having a central portion (112), a 
retaining portion (118) extending rearwardly from the central portion (112), 
and a sealing and alignment flange portion (122) extending forwardly from 
the central portion (112), the retaining rear portion (118) having a ttireaded 

25 inner surface (120) to removably saew onto the flueaded outer surface (104) 
of the mounting sleeve (98), and the forwardly extendmg sealing and 
alignment flange portion (122) fitting into a cylindrical portion (124) of tiie 
wdl (14) in die mold (18) extending adjacent the gate (90) to align the front 
end (76) of the at teast one heated nozzle (12) witti fiie gate (90) and prevent 

30 leakage of melt into the insulative air space (62) between the at least one 
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heated nozzle (12) and the surrounding cooled mold (18). 

2. Injection molding apparatus as claimed in daim 1 wherein the 
central portion (112) of the nozzle seal (110) has an outer surface (114) with 
an even number of facets (116) for engagement by a suitable tool . 

5 3. Injection molding apparatus as claimed in claim 2 wherein the 
central portion (112) of the nozzle seal (110) has an opening (126) 
therethrough through which the insert (70) extends, tiie opening (126) 
having an inner surface (128) which fits around a matching outer surface 
(130) of the insert (70) to accurately locate the front end (76) of the at least 

10 one heated nozzle (12). 

4. Injection molding apparatus as claimed in claim 3 wherein the insert 
(70) has a conical outer surface (80) extending forwardly to a front tip (72), 
and the melt bore (82) through Uie insert (70) has a central rear portion (84) 
and at least one front portion (86) extending diagonally from the central rear 

15 portion (84) to the conical outer surface (80). 

5. Injection molding apparatus as claimed in daim 4 wherein the inner 
surfoce (128) of the opening (126) dirougli the central portion (112) of the 
nozzle seal (110) and matching outer surface (130) of the insert (70) are 
tapered inwardly towards the front to retain ti\e insert (70) in place in the 

20 recessed seat (74) in tt\e front end (76) of the at least one heated nozzle (12). 

6. Injection molding apparatus as daimed in claim 5 wherein the 
mounting sleeve (98) has a rearwardly open hole (106) to receive a 
thermocouple element (108). 



7. In an injection molding apparatus having at least one heated nozzle 
25 (12) extending forwardly into an opening (148) in a cooled mold (18) 
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extending to a cavity (92) witti an insulative air spzxx (62) extending between 
at least one heated nozzle (12) and the sunounding cooled mold (18)/ the at 
least one heated nozzle (12) having a rear end (42), a front end (76), at least a 
portion (94) adjacent the front end (76) with a generally cylindrical outer 

5 surfece (96), and a melt boie (54) extending f orwardly ttieietfuough from the 
rear end (42), die improvement further comprising; 

a moxmting sleeve (98) integrally moimted around ttie cylindrical 
outer surface (96) of ttie portxm (94) adjacent fiie front end (76) of the at leaist 
one heated nozzle (12), the mounting sleeve (98) having a ttueaded outer 

10 surface (104), and 

a removable nozzle seal (132) having a front end (142), a central 
portion (134), a hollow retaining portion (118), extending rearwardly from 
the central portion (134), and a sealing and locating portion (136) extending 
forwardly from tihe central portion (134), tfie central portion (134) and the 

15 forwardly extending sealing and locating portion (136) having a melt bore 
(138) extending therethrough in alignment with the melt bore (54) in the 
heated nozzle (12) and leading to a gate (140) at tfie front end (142) of the 
nozzle seal (132), the retaining rear portion (118) having a threaded inner 
surfece (120) to removably screw onto die threaded outer surface (104) of the 

20 mounting sleeve (98), and the forwardly extending sealing and locating 
portion (136) fitting into a cylindrical opening (148) in the mold (18) 
extending to the cavity (92) to locate the front end (76) of the at least one 
heated nozzle (12) and prevent leakage of melt into the insulative air space 
(62) between the at least one heated nozzle (12) and the surrounding cooled 

25 mold (18). 

8. Injection molding apparatus as claimed in claim 7 wherein the 
central portion (134) of the nozzle seal (132) has an outer surface (114) with 
an even number of facets (116) for aigagement by a suitable tool. 
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9. Injection molding apparatus as claimed in claim 8 wherein the 
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mounting sleeve (98) has a rearwardly open hole (106) to receive a 
ihennocouple element (108)* 

10. A nozzle system for an injection molding apparatus comprising: 
a heated nozzle (12) having a front end (76); . 

a mountii^ sleeve (98) having a threaded outer surface (104) di^osed 
* on said front end (76) of the nozzle (12); and 

a removable nozzle element (110-132) having a threaded inner 
surface (120) removably mounted to said mounting sleeve (98). 

11. A nozzle system according to claim 10 wherein said motmting sleeve 
(98) incudes a receptacle (106) to tocate a sensor. 

12. A nozzle system according to daim 10 wherein said heated nozzle 
includes a ru>zzle tip insert (70). 

13. A nozzle system according to daim 12 where said removable nozzle 
element (110-132) has a.surface. (126*128) to locate and align said nozzle tip 
insert (70). 

14. A nozzle system according to daim 10 wherein said removable 
nozzle dement is a nozzle seal (110). 

15. A nozzle system according to daim 10 where said removable nozzle 
element is a seal mold gate insert (132). 
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